Abstract Over the last decades, the development of the Klang Valley (Malaysia), as an urban commercial and industrial area, has elevated the risk of atmospheric pollutions. There are several significant sources of air pollutants which vary depending on the background of the location they originate from. The aim of this study is to determine the trend and status of air quality and their correlation with the meteorological factors at different air quality monitoring stations in the Klang Valley. The data of five major air pollutants (PM 10 , CO, SO 2 , O 3 , NO 2 ) were recorded at the Alam Sekitar Sdn Bhd (ASMA) monitoring stations in the Klang Valley, namely Petaling Jaya (S1), Shah Alam (S2) and Gombak (S3). The data from these three stations were compared with the data recorded at Jerantut, Pahang (B), a background station established by the Malaysian Department of Environment. Results show that the concentrations of CO, NO 2 and SO 2 are higher at Petaling Jaya (S1) which is due to influence of heavy traffic. The concentrations of PM 10 and O 3, however, are predominantly related to regional tropical factors, such as the influence of biomass burning and of ultra violet radiation from sunlight. They can, though, also be influenced by local sources. There are relatively stronger inter-pollutant correlations at the stations of Gombak and Shah Alam, and the results also suggest that heavy traffic flow induces high concentrations of PM 10 , CO, NO 2 and SO 2 at the three sampling stations. Additionally, meteorological factors, particularly the ambient temperature and wind speed, may influence the concentration of PM 10 in the atmosphere.
Introduction
Urban air pollution, with its long-and short-term impacts on human health, well-being and the environment, has been a widely recognised problem over the last 50 years (Gurjar et al. 2008; Ozden et al. 2008) . The clear phenomenon of rural to urban migration has brought as a consequence greater emissions into the atmosphere, which have predominantly been produced by the increase in traffic (Baldasano et al. 2003; Chin 1996) . In addition, the rapid growth of urbanisation and industrialisation where the progressive expansion of suburbs into closer proximity with industrial plants in certain areas has led to the problem of air pollution becoming an increasingly important issue (Fenger 1999; Molina and Molina 2004) . Besides deleterious effects on human health, air pollution can negatively impact ecosystems, materials, buildings, works of art, vegetation and visibility (Ilyas et al. 2009; Mage et al. 1996; RigaKarandinos and Saitanis, 2005) .
Results on land use and the level of compliance from previous studies show that severe problems in air quality status in the Malaysian Peninsular only exist in highly urbanised areas. This is particularly true with respect to dust fall-out, suspended particulate matter and lead in the ambient air along congested roadsides. These problems are largely attributed to motor vehicles emissions (Awang et al. 2000) . The major sources of air pollution in Malaysia, notably in urban areas are: motor vehicles (mobile sources), industrial and power plants (stationary sources) and open burning (Afroz et al. 2003) . According to the Malaysian Department of the Environment (DOE 1996) , motor vehicles contributed 82%, power stations 9%, industrial fuel burning 5%, industrial production processes 3%, domestic and commercial furnaces 0.2% and open burning at solid waste disposal sites 0.8% to the total of air emission load in the Malaysian Peninsular.
The monitoring of air pollution based on several atmospheric pollutants is common in most countries including Malaysia (Baldasano et al. 2003) . These monitoring studies are of particular importance if air quality management efforts are to be improved, long-term air quality trends detected, the possible sources observed and located and the effectiveness of air quality control regulations increased (Ozden et al. 2008) . In line with findings in most other countries, the main pollutants recorded at the monitoring stations used in Malaysia are: particulate matter (PM 10 ), nitrogen dioxide (NO 2 ), sulphur dioxide (SO 2 ), carbon monoxide (CO) and ozone (O 3 ) (Awang et al. 2000) .
The Klang Valley is a basin located in the southwestern part of the Malaysian Peninsular, surrounded by highlands exceeding 1,500 m altitude to the east and by the Straits of Malacca to the west (Abas and Simoneit 1996; Omar et al. 2002) . Due to its location and as one of the most developed areas following rapid urbanisation, population growth and industrial activities, the Klang Valley is constantly exposed to the problem of air quality (Afroz et al. 2007; Rashid and Griffiths 1995; Rashid and Rahmalan 1993; Rashid 1993) . This study has been conducted at three different air monitoring stations in the Klang Valley, namely Petaling Jaya, Shah Alam and Gombak, which are located at three different backgrounds and aim to determine the trend, status and possible sources of these five major air pollutants at different stations in the designated area.
Methodology

Location of sampling stations
The stations used in this study were located in the Klang Valley, Malaysia. The Klang Valley is an area in Malaysia which comprises Kuala Lumpur and its suburbs and adjoining cities and towns in the state of Selangor. The Klang Valley is considered to be the heartland of Malaysia's industry and commerce and was recorded as having a total population of over four million in 2004. In the most recent census, the population in this area had expanded to 4.7 million (DOS 2006) . The Petaling Jaya air monitoring station (N03°06.612', E101°42.274'; S1) is located at Sri Petaling Primary School, Petaling Jaya; Selangor. This sampling station is the nearest station to Kuala Lumpur's city centre and is surrounded by industries, residential and commercial areas and consequently, congested roads. The Shah Alam air monitoring station (N03°06.287', E101°33.368'; S2) is located at Taman Tun Dr Ismail Primary School (TTDI) Jaya, Shah Alam, Selangor. This station is located in a residential area. However, whilst it is near to major roads, the traffic density is lower compared with Petaling Jaya and usually, only significant during the morning and late afternoon rush hours. The next air monitoring station is Gombak (N03°15.702', E101°39.103'; S3), which is located at the Water Resource Department, Gombak (Fig. 1) . This station is also in a residential area and is surrounded with major roads which experience heavy traffic particularly during the morning rush hour.
The last air quality monitoring station is in Jerantut, Pahang (N03°58.238', E102°20.863'; B). This station is in fact a background station established by the Malaysian Department of Environment. This monitoring station is located at the Malaysian Meterological Deparment at Batu Embun, Jerantut, Pahang in the middle of the Malaysian Peninsular (Fig. 1) . Natural forest, open burning, soil dust and a low number of motor vehicles are expected to contribute to air quality status at this monitoring station.
Air quality data
The air quality data used for this analysis were obtained from the Air Quality Division of the Department of the Environment, Malaysia, (DOE) through long-term monitoring by a private company, Alam Sekitar Sdn Bhd (ASMA). The air pollutant parameters used in these studies were particulate matter with a diameter size of below 10 µm (PM 10 ), carbon monoxide (CO), sulphur dioxide (SO 2 ), nitrogen dioxide (NO 2 ) and ozone (O 3 ). In addition, meteorological parameters, such as: wind speed, temperature, UV radiation and humidity were also recorded at the stations. The overall air quality data used in this study was collected between January 1997 and December 2006, with the exception of data from the Shah Alam station (S2) where the air monitoring station started operating after July 1997. In the case of The Petaling Jaya Station (S1), data for O 3 and CO has only been recorded since April 2003 (Table 1) .
Missing data
The "nearest neighbour method" has been used to impute missing data. This method for imputation is considered to be the simplest scheme available in the S-PLUS FinMetrics module in that the endpoints of the gaps are used as estimates for all the missing values (Eq. 1).
Where y is the interpolant, x is time point of the interpolant, y 1 and x 1 are the coordinates of the starting point of the gap and y 2 and x 2 are the coordinates of the endpoint of the gap. The data that were missing will be interpolated through the nearest neighbour value available using S-PLUS (Junninen et al. 2004 ).
Statistical analysis
In order to compare the concentration air pollutants between stations, several statistical analyses were conducted to determine the distribution of air pollutants' concentrations using the Normal P-P Plot, the Normal Q-Q Plot and the One-Sample Kolmogorov-Smirnov test. Analysis of variance with the additional use of the Bonferroni test will be used if the data show a normal distribution. The KruskalWallis test will be used if the data are not in a normal distribution. The Pearson correlation was conducted to determine the relationship between different air pollutants at each station as well as the connection between PM 10 concentration and meteorological factors, such as: temperature, wind speed and humidity. Data collected at each sampling station in the year 2006, was used. Both analyses of variance and correlation analysis were conducted using the Statistical Package for Social Sciences (SPSS).
Trajectory analysis
The backward trajectories of atmospheric pollutants were determined by using the Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) Model introduced by the National Oceanographic and Atmospheric Administration through the website http://www.arl.noaa.gov/ready.html at different monsoon seasons in Malaysia. The trajectories to these three main stations had been developed for 48 h on 
Result and discussion
Long-term record of air quality data
The compilation of the data from the three sampling stations in the Klang Valley (Petaling Jaya, Shah Alam and Gombak) and their comparison to the background station (Jerantut) is summarised in ) recorded at Jerantut, Pahang, which was used as the background station (Station B). Nevertheless, the averaged concentration of PM 10 at these three sampling stations exceeded the value of 50 µgm −3 suggested by the European Comission for PM 10 . Urban background, due to the number of motor vehicles, industries and level of street dust, is expected to contribute to the amount of suspended particulate matter in the atmosphere at these three stations compared with the background area. The long-term records of PM 10 data as shown in Fig. 2 indicated that the concentration of PM 10 was found to be higher during certain months in that particular year due to the haze episode e.g. in August-September, 1997, where the concentration surpassed 200 µgm −3 . In this particular episode, almost all air quality monitoring stations in the Malaysian Peninsular, including the Jerantut stations, were affected by the transboundary sources of biomass burning around Southeast Asia, especially from Sumatra, Indonesia as shown in Fig. 2 . The haze event in 1997 was the worst ever experienced by the country. Short-term observations using continuous monitoring systems during the haze episodes clearly showed that suspended particulate matter was the major air pollutant during this period and was transboundary in nature as a result of large-scale forest fires in parts of Sumatra (Awang et al. 2001; Keywood et al. 2003; Mott et al. 2005; Radojevic and Hassan 1999) .
The averaged concentration of all gases is still under the threshold limit by the Recommended Malaysian Air Quality Guideline (RMAQG) for ambient air (Table 1) . There are significant differences between the gas concentrations recorded at the various stations. This suggests that the local surroundings influence the concentration of gases at each station ( Table 2) .The mean and range of CO found resulted in it being the most prevalent gas recorded in the atmosphere at all three stations followed by NO 2 , O 3 and SO 2 . CO was clearly recorded at a higher concentration at Petaling Jaya with a mean value of 1.853 ppm (1.420-2.340 ppm) compared with Shah Alam (1.002 ppm, 0.490-2.200 pmm) and Gombak (0.953 ppm, 0.630-1.180 ppm). The other gas which was also recorded at a very high concentration at Petaling Jaya is NO 2, which had an average concentration of 0.033 ppm (0.024-0.051 ppm) compared with Shah Alam (0.019 ppm, 0.002-0.031 ppm) and Gombak (0.017 ppm, 0.009-0.025 ppm). The concentration of these two gases is due to the emissions from motor vehicles as indicated by several other studies e.g. Dor et al. (1995) , Mayer (1999) , Janssen et al. (2001) and Morawska et al. (2002) . Even though there are clear differences between the SO 2 and O 3 levels recorded in the Klang Valley and Jerantut (the background station), among the three different stations within the Klang Valley, no significant differences are indicated (Table 1) . SO 2 is usually the result of industrial activities (Pereira et al. 2007 ), but at these three stations, the main source of SO 2 is expected to be from motor vehicles predominantly diesel-engined trucks and buses. SO 2 was found to be at high levels during haze episodes. This would be expected due to the composition of the sulphur compound, particularly from biomass burning as cited by Clairac et al. (1988) . The reduction of sulphur in petrol and diesel was found to contribute to the amount of SO 2 in the atmosphere, more notiably in urban and suburban areas. O 3 is a secondary gas produced by the interaction of hydrocarbon, oxides of nitrogen and sunlight (Atkinson 2000) . Based on the results, the level of O 3 at these three stations can be seen to be much more closely related to the intensity of sunlight and the contribution of other precursors rather than nitrogen dioxide and hydrocarbon from motor vehicles. This can be argued due to its low concentration at Petaling Jaya (S1), in comparison to Shah Alam (S2) and Gombak (S3). A high concentration of NO is expected to be produced by motor vehicles in the urban areas; this has the capability to interact with O 3 to form NO 2 in the atmosphere.
Daily trends
The results from Fig. 3 show that there is a clear peak of concentration for PM 10 , CO, NO 2 and SO 2 at all three stations when compared with the background station (Jerantut). The daily concentration of all the pollutants was also clearly recorded as being at the highest concentration at Petaling Jaya. Traffic congestion, particularly during the morning peak between 7:00 am-9:00 am, led to the higher amount of CO in the the atmosphere. The peak of CO concentration recorded at Shah Alam and Gombak decreased significantly towards the afternoon while the peak of CO concentration recorded at Petaling Jaya declined only slightly. This phenomenon is considered to correlate directly with the number of motor vehicles at the two stations (Shah Alam and Gombak), which are located in residential areas, and at these particular times, the number of motor vehicles increased significantly as people were going to work and children to school. In the latter part of the afternoon, CO concentration peaked from 5:00 pm in line with the evening rush hour when people started returning home from work. The late evening peak can also be attributed to meteorological conditions, particularly atmospheric stability and wind speed (Afroz et al. 2003; Awang et al. 2000) . The other two parameters which show the same daily pattern as CO are NO 2 and SO 2 . NO 2 is usually produced by motor vehicles, and its concentration was found to stable from midday towards the late afternoon. This trend was also recorded at Gombak but at lower values of NO 2 concentration. Nevertheless, the trend of NO 2 recorded at Shah Alam indicates a significant peak of NO 2 concentration at around 10:00 am before it decreased towards midday and then increased again in the early evening. These fluctuations give an indication of the movement of motor vehicles around Shah Alam's residential areas where most of the residents travel by motor vehicles on the outskirts of Shah Alam. The level of traffic during working hours was expected to be low and at the same time to lower the concentration of NO 2 in the atmosphere. For SO 2 , the daily trend at all three locations was nearly the same, and the results were considered to be influenced by motor vehicles emissions, particularly from buses, lorries and trucks near the monitoring stations themselves. Fig. 2 shows O 3 trends and demonstrates that the formation of this gas is influenced by sunlight through photochemical reactions (Atkinson 2000; Sillman 1999 ). The concentration of it at all three stations as well as the background station was found to increase in the morning and return to its earlier and lower concentration at 9:00 pm in the evening (Fig. 3) . The highest concentration of ozone was recorded around 2:00 pm in the afternoon, whilst the highest concentration of ozone during peak hours was recorded at Shah Alam, followed by Gombak and Petaling Jaya. These results did not reflect the results of the other gases which were recorded at the highest level in Petaling Jaya. Due to the lower concentration of NO 2 in Shah Alam (0.002-0.031 ppm) compared with Petaling Jaya (0.024-0.51 ppm), it is considered that other factors, such as volatile organice carbon (VOC), probably contributed to ozone formation in this location. This result is supported by Paoleti (2009), who found higher a concentration of ozone in suburban areas compared with urban areas. These were considered to be most likely due to the complex interactions between the production of VOC and the ability of several species, such as: NO, to remove ozone from the atmosphere (Sillman 1999) . Moreover, meteorological factors such the local temperature at the sampling stations would also have the ability to increase the concentration of ozone in the atmosphere as indicated by Geddes et al. (2009) .
Correlation between air pollutants and meteorological factors
The correlations beween atmospheric pollutants at all stations are shown in (Fig. 4) indicates that the PM 10 concentration has a significant positive correlation with ambient temperature (r=0.650, p<0.01). A high temperature in the tropics usually increases the quantity of biomass burning and the evaporation of materials e.g. soil dust from the earth's surface. High humidity is commonly related to the number of rain occasions, and this reduces the number of particles due to the wash-out processes of the atmospheric aerosols in the atmosphere. Therefore, there is a negative correlation between humidity and PM 10 in ambient air. Other factors such as wind speed and UV radiation were found to slightly influence the concentration of particulate matter in the atmosphere in the study areas. The southwest monsoon occurs between June and September each year and is usually associated with the generation of haze episodes in the Malaysian Peninsular as a result of biomass burning from Sumatra, Indonesia. Back trajectory analysis using the HYSPLIT Model (Fig. 5) shows that the southwest monsoon wind from Sumatra can arrive at all three monitoring stations within 48 h. During the intermonsoon season (October and April) the wind systems are large north-westerlies as is shown by trajectories using the HYSPLIT Model. The north-east monsoon, which occurs annually between November and March, is usually connected to the wet season and therefore does not contribute to the amount of anthropogenic sources, particularly from biomass burning, coming from east part of the Malaysian Peninsular.
Conclusion
The results from this study show that the averaged concentration of all atmospheric pollutants recorded at Petaling Jaya, Shah Alam and Gombak are under the permissible value recommended by the Malaysian Department of Environment. However, the pollution levels are distinctively higher when compared with the background station (Jerantut) used in the study. While the levels of PM 10 and O 3 correlate more closely with the transboundary sources, due to photochemical processes, the averaged concentration of other parameters is influenced more by the number of motor vehicles near the monitoring stations. The high concentration of ozone recorded at Gombak and Shah Alam is intriguing and warrants further investigation. Meteorological factors particularly sunlight and the ambient temperature are expected to be associated with the concentration of ozone and suspended particulate matter.
The temperature and wind direction, more notiably from the south-west monsoon (as is indicated by the HYSPLIT Model), can also influence the concentration of suspended particulate matter in the atmosphere. This matter is more often than not, the result of biomass burning in Sumatra, Indonesia. Based on the results of this study, it would be prudent and timely for the associated authorising bodies in Malaysia to begin strategizing and formulating an effective plan to reduce the emissions from motor vehicles and other anthropogenic sources. The effect of sunlight on primary air pollutants and the contribution of volatile organic carbon to the ozone concentration in the atmosphere also needs to be researched and identified.
